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1 . 0  I n t r o d u c t i o n  

Comments on t h e  d r a f t s  o f  t h e  f o l l o w i n g  documents 
p r e p a r e d  f o r  t h e  Apo l lo  A p l l i c a t i o n s  Program ( A A P )  I n s t r u -  
m e n t a t i o n  and Communications ( I / C )  P a n e l  are p r e s e n t e d  i n  
this memorandum. 

SaturnlAAP Frequency P l a n ,  I n s t r u m e n t a t i o n  and 
Communications I n t e r f a c e s ,  I C D  50M13120, d a t e d  
June  1 2 ,  1968.  

M u l t i p l e  Docking Adapter  t o  A i r l o c k  Module 
I n s t r u m e n t a t i o n  and Communications I n t e r f a c e ,  
I C D  50M13122, d r a f t ,  d a t e d  May 15,  1968. 

LN-A/ATM/MSFN I n s t r u m e n t a t i o n  and Communications 
Performance and I n t e r f a c e  S p e c i f i c a t i o n ,  I C D  
50M 13127,  d r a f t ,  dated May 3, 1968.  

MDA/AM/OWS t o  MSFN I n s t r u m e n t a t i o n  and Communi- 
c a t i o n s  Performance and I n t e r f a c e  S p e c i f i c a t i o n ,  
I C D  50M13126, d r a f t ,  dated May 3, 1968.  

2 . 0  Saturn/AAP Frequency P lan  

Some g e n e r a l  comments which app ly  t o  more t h a n  one 
of  t h e  A A P  m i s s l o n  c o n f i g u r a t i o n  summary sheets  forming  t h e  
Saturn/AAP Frequency P l a n  are  l i s t e d  below. 

( a )  Although t h e  AZUSA/GLOTRAC t r a n s p o n d e r  and 
a s s o c i a t e d  equipment may n o t  b e  removed from 
t h e  I n s t r u m e n t  Un i t  of t h e  S a t u r n  I B  l aunch  
v e h i c l e s ,  no ground s u p p o r t  f o r  p r e l a u n c h  
t e s t s  o r  d u r i n g  launch  powered f l i g h t  w i l l  be  
p r o v i d e d .  If c u r r e n t  p l a n s  c a l l  f o r  t h i s  
t r a n s p o n d e r  t o  be i n a c t i v e  d u r i n g  subsequen t  
S a t u r n  I B  l aunch  v e h i c l e  m i s s i o n s ,  the AZUSA/ 
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GL.OTRAC e n t r i e s  s h o u l d  be de le ted  from t h i s  
document. If c u r r e n t  p l a n s  c a l l  f o r  t h i s  
t r a n s p o n d e r  t o  be a c t i v e  d u r i n g  subsequen t  
S a t u r n  I B  l aunch  v e h i c l e  m i s s i o n s ,  it i s  
recommended t h a t  a f o o t n o t e  b e  added s t a t i n g  
t h a t  t h e  AZUSA/GLOTRAC t r a n s p o n d e r  w i l l  n o t  
be s u p p o r t e d .  

( b )  After s u c c e s s f u l  o r b i t  i n s e r t i o n  has been  
conf i rmed ,  a safe command w i l l  be  s e n t  to t h e  
s e c u r e  r a n g e  s a f e t y  s y s t e m  of t h e  S-IVB s t a g e  
of t h e  S a t u r n  I B  l aunch  v e h i c l e  which pe rmanen t ly  
d e a c t i v a t e s  t h e  d e s t r u c t  package .  Consequen t ly ,  
t h e  p e r i o d  o f  a c t i v i t y  o f  t h e  s e c u r e  r ange  s a fe ty  
r e c e i v e r  o f  t h e  9 - I V B  s t a g e  i s  from l i f t - o f f  u n t i l  
i n s e r t i o n  i n t o  E a r t h  o r b i t  r a the r  t h a n  from l i f t -  
o f f  t h r o u g h  t h e  l i f e t i m e  o f  t h e  S- IVB/ IU.  

( c >  To da te ,  no r equ i r emen t  h a s  been i d e n t i f i e d  f o r  
t e l e m e t r y  t r a n s m i s s i o n s  v i a  a VHF communications 
l i n k  from t h e  LM to t h e  CM/SM d u r i n g  t h e  nominal  
unmanned rendezvous  and docking  o f  t h e  LM/ATM 
w i t h  t h e  c l u s t e r  or d u r i n g  rendezvous  and docking  
o f  t h e  CM/SM and t h e  LM/ATM i n  a con t ingency  
s i t u a t i o n .  T h e r e f o r e ,  i t  i s  recommended t h a t  
e n t r i e s  p e r t a i n i n g  to LM t o  CMl’SM data  t r a n s -  
m i s s i o n  c a p a b i l i t y  be d e l e t e d  from t h i s  document 
u n t i l  a r e q u i r e m e n t  for t h i s  c a p a b i l i t y  i s  
i d e n t i f i e d .  

( d )  I n  t h e  c u r r e n t  AM b a s e l i n e  d e s i g n ,  t h e  VHF FM 
t r a n s x i t t e r s  w i l l  n o t  be  a c t i v e  d u r i n g  t h e  
l aunch  phase. It i s  p o s s i b l e  t h a t  real-t ime 
data from t h e  MDA/AM/OWS w i l l  be r e q u i r e d  d u r -  
i n g  t h e  l a u n c h  phase .  If t h i s  becomes a 
r e q u i r e m e n t ,  one o f  t h e  t h r e e  VHF FM t r a n s m i t t e r s  
would be a c t i v e  d u r i n g  t he  l aunch  phase  f o r  t r a n s -  
m i s s i o n  o f  real-time t e l e m e t r y .  I n  any e v e n t ,  
n o t  a l l  t h r e e  VHF FM t r a n s m i t t e r s  o f  t h e  AM w i l l  
be a c t i v e  d u r i n g  t h e  launch  phase a s  i s  i n d i c a t e 6  
i n  t h i s  document by t h e  p e r i o d  o f  a c t i v i t y  
de s i g  na t i on C . I n  a d d i t i o n ,  t h e  VHF FM t r a n s -  
mit ters  o f  t h e  AM w i l l  n o t  be  a c t i v e  i n  E a r t h  
o r b i t  c o n t i n u o u s l y ,  b u t  w i l l  be a c t i v e  ( c o n t r o l l e d  
manual ly  o r  v i a  ground command) o n l y  d u r i n g  t h o s e  
p e r i o d s  when t h e  AM i s  w i t h i n  l i n e - o f - s i g h t  of  an  
MSFN s t a t i o n  c a p a b l e  of s u p p o r t i n g  t h e  th ree  VHF 
communications l i n k s  from t h e  AM. 



BELLCOMM, INC. -3- 

I n  t h e  r a d i o  f requency  summary shee t  f o r  m i s s i o n  
AAP-4, i t  s h o u l d  be n o t e d  t h a t  t h e  VHF FM/FM te l eme t ry  l i n k  
from t h e  I n s t r u m e n t  U n i t ,  DF-2, w i l l  be d e a c t i v a t e d  a f t e r  
o r b i t a l  i n s e r t i o n  as i s  t h e  VHF SS/FM t e l e m e t r y  l i n k  from 
the  I n s t r u m e n t  U n i t ,  DS-1. T h i s  d e c i s i o n  was made a t  t h e  
P r e l i m i n a r y  Requirements  Review ( P R R )  f o r  t h e  ATM (see R I D  
number D-7 and i t s  d i s p o s i t i o n ) .  

3 . 0  M u l t i p l e  Docking Adapter  t o  A i r l o c k  Module I n s t r u m e n t a t i o n  
and Communication I n t e r f a c e  

S i n c e  t he  h i g h  l e v e l  and low l e v e l  m u l t i p l e x e r s  used  
i n  t h e  MDA i n c l u d i n g  t h e  m u l t i p l e x e r  a s s o c i a t e d  w i t h  t h e  E x p e r i -  
ment S u p p o r t  System (ESS) are  on ly  q u a l i f i e d  f o r  u s e  i n  a 
vacuum, a l l  such  m u l t i p l e x e r s  must be  mounted e x t e r n a l  to t h e  
p r e s s u r i z e d  p o r t i o n  of t h e  MDA. Because t h e  m u l t i p l e x e r  a s s o c i -  
a t e d  w i t h  t h e  ESS c a n n o t  be mounted on t h e  ESS and b e c a u s e  t h e  
ESS i s  p o r t a b l e  and may b e  used  i n  e i t h e r  t h e  MDA or t h e  OWS, 
i t  i s  l i k e l y  t h a t  t h i s  m u l t i p l e x e r  w i l l  b e  mounted n e a r  t h e  
PCM i n t e r f a c e  box of t h e  AM l o c a t e d  between t h e  MDA and OWS. 
S i n c e  t h e  ESS and i t s  m u t l i p l e x e r  have been  separated,  d i f f e r e n t  
i n t e r f a c e s  have r e s u l t e d  between t h e  ESS and t h e  MDA ( o r -  OWS) 
and between t h e  MDA and t h e  PCM t e l e m e t r y  s y s t e m  of t h e  A M .  
It i s  s u g g e s t e d  t h a t  t h i s  i n t e r f a c e  between the  MDA and  t h e  AM 
be s p e c i f i c a l l y  addressed i n  t h i s  I C D .  Re fe rence  s h o u l d  be 
made t o  t h e  p r o p e r  I C D  f o r  t h e s e  measurements  r o u t e d  from t h e  
ESS t h r o u g h  t h e  MDA/AM i n t e r f a c e  t o  t h e  PCM t e l e m e t r y  s y s t e m  
of t h e  A M .  

It i s  recommended t h a t  t h e  number o f  h i g h  l e v e l  
m u l t i p l e x e r s  and t h e  number o f  low l e v e l  m u l t i p l e x e r s  i n s t a l l e d  
i n  t h e  MDA be i n c l u d e d  i n  t h i s  I C D .  

It i s  n o t  c l e a r  t h a t  t h e  power i n t e r f a c e  between 
t h e  AM and  t h e  MDA s h o u l d  be addressed i n  t h i s  I C D .  If such  
a s p e c i f i c a t i o n  i s  a p p r o p r i a t e ,  power i s  r e q u i r e d  f o r  s u i t  
microphone and a m p l i f i e r s ,  s p e a k e r / i n t e r c o m s ,  and MDA i n s t r u -  
m e n t a t i o n  such  as t r a n d u c e r s ,  s i g n a l  c o n d i t i o n s ,  ESS, e t c . ,  
i n  a d d i t f o n  t o  power for s u i t  b i o m e d i c a l  i n s t r u m e n t a t i o n  which 
i s  s p e c i f i e d  i n  t h i s  I C D .  I f  such a s p e c i f i c a t i o n  i s  n o t  
a p p r o p r i a t e ,  t h e  s e c t i o n  o f  t h i s  I C D  d e a l i n g  w i t h  b i o m e d i c a l  
power s h o u l d  be  d e l e t e d ,  

The i n t e r f a c e  between the MDA and t h e  AM s h o u l d  
p r o v i d e  p a s s a g e  f o r  t h e  n e c e s s a r y  w i r i n g  f o r  s w i t c h  c l o s u r e  
c i r c u i t s  r e q u i r e d  between t h e  c a u t i o n  and  warning  sys t ems  of  
t h e  AM and t h e  LM and t h e  CM. An a d d i t i o n a l  p a r a g r a p h  s h o u l d  
be added to d e s c r i b e  t h i s  c a u t i o n  and warning sys tem p o r t i o n  
of  t h e  MDA/AM hardwire i n t e r f a c e .  



BELLCOMM, INC.  -4- 

4 . 0  LM-A/ATM/MSFN I n s t r u m e n t a t i o n  and  Communications Per formance  
and I n t e r f a c e  S p e c i f i c a t i o n  

I n  g e n e r a l ,  t h e  LM-A/ATM/MSFN Performance and I n t e r f a c e  
(P&I) S p e c i f i c a t i o n  does  n o t  c o n t a i n  enough i n f o r m a t i o n  t o  p e r m i t  
t h e  c a l c u l a t i o n  o f  t h e  per formance  o f  e a c h  o f  t h e  communicat ions 
l i n k s  between t h e  LM-A/ATM and  the  MSFN. S i n c e  t h i s  document 
w i l l  become a s p a c e c r a f t  t o  MSFN i n t e r f a c e  c o n t r o l  document a f t e r  
a p p r o p r i a t e  a p p r o v a l s  have been o b t a i n e d ,  i t  i s  n e c e s s a r y  t h a t  
a s u f f i c i e n t  number of  p a r a m e t e r s  b e  s p e c i f i e d  i n  t h i s  document 
t o  g u a r a n t e e  compa t ib l e  and s u c c e s s f u l  o p e r a t i o n  of  t h e  v a r i o u s  
communicat ions l i n k s  between t h e  LM-A/ATM and t h e  MSFN i n  any 
of  t h e  r e q u i r e d  modes d u r i n g  t h e  p l anned  LM-A/ATM m i s s i o n .  

tween t h e  LM-A and t h e  MSFN, l t  i s  recommended t h a t  T a b l e s  l and 4 
o f  t h e  LM-A/ATM/MSFN P & I  S p e c i f i c a t i o n  be  r e p l a c e d  by t h e  
t a b l e s  which w i l l  be  d e s c r i b e d  below. The v a r i o u s  modes o f  
o p e r a t i o n  o f  t h e  USB communications l i n k  between t h e  MSFN and 
t h e  LM-A and between t h e  LM-A and t h e  MSFN which c o u l d  be  used  
d u r i n g  t h e  LM-A m i s s i o n  s h o u l d  be s p e c i f i e d  as  i s  done i n  
T a b l e s  1 and 3 ,  r e s p e c t i v e l y ,  which are a t t a c h e d  to t h i s  memo- 
randum. It shou ld  b e  n o t e d  t h a t  T a b l e  3 does  n o t  i n c l u d e  a l l  
o f  t h e  p o s s i b l e  modes of o p e r a t i o n  o f  t h e  LM-A t o  MSFN USB 
communicat ions l i n k ,  b u t  i s  l i m i t e d  t o  a n  a r b i t r a r y  s e t  which 
t h e  wri ter  b e l i e v e s  t o  b e  s u f f i c i e n t  for t h e  p l anned  LM-A 
m i s s i o n .  The i n f o r m a t i o n  on communications p a r a m e t e r s  c a l l e d  
f o r  i n  T a b l e s  1 and 2 ( a t t a c h e d  t o  t h i s  memorandum) when o b t a i n e d  
w i l l  e n a b l e  t h e  e v a l u a t i o n  of t h e  per formance  o f  a l l  modes of  
t h e  USB communications l i n k  from t h e  MSFN t o  t h e  LM-A.  S i m i l a r  
i n f o r m a t i o n  on t h e  LM-A USB t r a n s m i t  c h a r a c t e r i s t i c s  and MSFN 
USB r e c e i v e  c h a r a c t e r i s t i c s  as  i s  c a l l e d  f o r  i n  T a b l e  2 on t h e  
LM-A USB r e c e i v e  c h a r a c t e r i s t i c s  and MSFN t r a n s m i t  c h a r a c t e r -  
i s t i c s  i n  c o n j u n c t i o n  w i t h  t h e  i n f o r m a t i o n  c a l l e d  f o r  i n  T a b l e  3 
w i l l  e n a b l e  t h e  e v a u l a t i o n  of t h e  per formance  o f  s e l e c t e d  modes 
of t h e  USB communications l i n k  from t h e  LM-A t o  t h e  MSFN. These 
t a b l e s  are  similar t o  t h o s e  c o n t a i n e d  i n  t h e  LM P & I  S p e c i f i c a t i o n  
f o r  t h e  Apol lo  Program. It i s  recommended t h a t  a l l  a p p l i c a b l e  
e n t r i e s  i n  t h e  LM-A/ATM/MSFN P & I  S p e c i f i c a t i o n  d e s c r i b i n g  t h e  
LM-A/MSFN USB communicat ions i n t e r f a c e  be d i r e c t  e x t r a c t i o n s  
from t h e  LM/MSFN P & I  S p e c i f i c a t i o n  f o r  t h e  Apol lo  Program. 

For  t h e  U n i f i e d  S-Band ( U S B )  communicat ions l i n k  be-  

For t h e  UHF command l i n k  from t h e  MSFN t o  t h e  ATM, 
i t  i s  recommended tha t  t h e  communications s y s t e m  p a r a m e t e r s  
l i s t e d  i n  Tab le  2 o f  t h e  LM-A/ATM/MSFN P & I  S p e c i f i c a t i o n  b e  
augmented t o  i n c l u d e :  ( a )  c a r r i e r  peak- f requency  d e v i a t i o n ,  
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(b) a n t e n n a  p o i n t i n g  loss, ( e )  r e c e i v e r  AGC dynamic r a n g e  
and ( d )  minimum s i g n a l  to n o i s e  r a t i o  a t  some p o i n t  i n  t h e  
r e c e i v i n g  sys tem n e c e s s a r y  to meet t h e  command l i n k  per form-  
a n c e  r e q u i r e m e n t s  s t a t e d  i n  S e c t i o n  3 . 1 .  The t e rm " e q u i v a l e n t  
n o i s e  t e m p e r a t u r e "  used  i n  T a b l e  2 o f  t h e  LM-A/ATM/MSFN P & I  
S p e c i f i c a t i o n  r e q u i r e s  c l a r i f i c a t i o n .  The p o i n t  o f  r e f e r e n c e  
i n  t h e  r e c e i v i n g  sys t em f o r  t h i s  t e m p e r a t u r e  i s  needed  a s  w e l l  
as knowledge o f  whether  or n o t  t h e  n o i s e  t e m p e r a t u r e  c o n t r i -  
b u t i o n  from e x t e r n a l  s o u r c e s  th rough  t h e  s p a c e c r a f t  a n t e n n a  i s  
i n c l u d e d  ( e . g .  g a l a c t i c  n o i s e ) .  

F o r  t h e  VHF t e l e m e t r y  l i n k s  from t h e  ATM to t h e  MSFN, 
it i s  recommended t h a t  t h e  communications sys tem p a r a m e t e r s  
l i s t e d  i n  Table  3 o f  t h e  LM-A/ATM/MSFN ?&I S p e c i f i c a t i o n  b e  
augmented to i n c l u d e  ( a )  a n t e n n a  p o i n t i n g  l o s s ,  ( b )  r e c e i v e r  
A G C  dynamic r a n g e ,  and ( c )  minimum s i g n a l  to n o i s e  r a t i o  a t  
some p o i n t  i n  t h e  r e c e i v i n g  sys tem n e c e s s a r y  to meet t h e  telem- 
e t r y  l i n k  per formance  r equ i r emen t  s t a t e d  i n  S e c t i o n  4 . 1 .  I t  
i s  recommended t h a t  t h e  e n t r i e s  i n  T a b l e  3 p e r t a i n i n g  to t h e  
s t r u c t u r e  and fo rma t  o f  t h e  PCM s i g n a l  be d e l e t e d  from T a b l e  3 .  
The PCM t e l e m e t r y  data  f o r m a t s  a r e  d i s c u s s e d  i n  g r e a t e r  detai l .  
i n  S e c t i o n  4 . 2 . 2 . 1 . 1  o f  t h e  LM-A/ATM/MSFN P & I  S p e c i f i c a t i o n .  
It s h o u l d  be n o t e d  t h a t  t h e  e n t r i e s  i n  t h e  "Veh ic l e  C h a r a c t e r -  
i s t i c s "  column o f  Table  3 f o r  "RF C i r c u i t  Losses"  and "Antenna 
Gain" have  been t r a n s p o s e d .  

With r e f e r e n c e  t o  S e c t i o n  3 . 0  of  t h e  LM-A/ATM/MSFN 
P & I  S p e c i f i c a t i o n ,  i t  s h o u l d  b e  added t h a t  u p d a t i n g  o f  t h e  
ATM F l i g h t  C o n t r o l  Computer and t h e  ATM D i g i t a l  Computer i s  
accompl i shed  v i a  t h e  UHF command sys tem of t h e  ATM. 

With r e f e r e n c e  t o  S e c t i o n  4 . 0 ,  i t  i s  recommended 
t h a t  a p a r a g r a p h  b e  added d e s c r i b i n g  t h e  PCM t e l e m e t r y  data  
fo rma t  o f  t h e  LM-A t o  t h e  same l e v e l  of d e t a i n  used  i n  t h e  
d e s c r i p t i o n  o f  t h e  PCM and ASAP t e l e m e t r y  data  f o r m a t s  o f  
t h e  ATM a l r e a d y  c o n t a i n e d  i n  t h i s  s e c t i o n .  

5 . 0  MDA/AM/OWS to MSFN I n s t r u m e n t a t i o n  and Communications 
Per formance  and I n t e r f a c e  S p e c i f i c a t i o n  

The o p e r a t i o n a l  r e q u i r e m e n t s  f o r  t h e  l'/ISFN t o  MDA/ 
AM/OWS command sys t em d i s c u s s e d  i n  S e c t i o n  4 . 1  o f  t h e  MDA/ 
AM/OWS/MSFN P & I  S p e c i f i c a t i o n  do not  cove r  t h e  command r e q u i r e -  
ments  (up  t o  2 2 4  d i s c r e t e  commands) o f  t h e  Workshop A l t i t u d e  
C o n t r o l  System (WACS). Under c u r r e n t  MSFC p l a n s ,  two command 
d e c o d e r s  w i l l  be  added to t h e  e x i s t i n g  command sys t em o f  t h e  
AM (one  f o r  e a c h  o f  t h e  redundant  command r e c e i v e r s  o f  t h e  A M )  
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to s e r v e  t h e  WACS e x c l u s i v e l y .  The a u d i o  o u t p u t  o f  e a c h  of t h e  
r edundan t  AM command r e c e i v e r s  would be r o u t e d  i n  p a r a l l e l  t o  
a d i f f e r e n t  one o f  t h e  e x i s t i n g  AM command d e c o d e r s  and to a 
d i f f e r e n t  one of t h e  added command d e c o d e r s  added to s e r v e  t h e  
WACS. 

It i s  s t a t ed  i n  S e c t i o n  4 . 2  t h a t  e a c h  command message 
w i l l  c o n t a i n  30 pr ime data  b i t s  each of  which i s  encoded i n t o  
5 s u b b i t s .  T h i s  i s  t r w e  f o r  a l l  messages used  f o r  s e l e c t i n g  
a n  on-board s t o r e d  program command. However, a command message 
used  f o r  e x e c u t i n g  one o f  t h e  32 real-t ime se t / rese t  commands 
w i l l  c o n t a i n  on ly  1 2  pr ime data b i t s :  ( a )  3 b i t s - v e h i c l e  
address ,  ( b )  3 b i t s - s y s t e m  a d d r e s s ,  and  ( c )  6 b i t s - i n f o r m a t i o n .  

The comments c o n t a i n e d  i n  S e c t i o n  4 . 0  of t h i s  memo- 
randum on T a b l e  2 o f  t h e  LM-A/ATM/MSFN P&I S p e c i f i c a t i o n  a l s o  
a p p l y  to Tab le  1 of  t h e  MDA/AM/OWS P&I S p e c i f i c a t i o n .  C la r i f i -  
c a t i o n  i s  r e q u i r e d  on the  s p e c i f i c a t i o n  o f  AM a n t e n n a  g a i n  when 
d i s c u s s i n g  t h e  AM command sys tem.  Each o f  t h e  r edundan t  AM 
command r e c e i v e r  u n i t s  c o n s i s t s  of two r a d i o  f r equency  r e c e i v e r s  
whose o u t p u t s  are combined p r i o r  t o  b e i n g  r o u t e d  to a command 
d e c o d e r .  One r e c e i v e r  o f  each  u n i t  w i l l  be  connec ted  t o  one 
a n t e n n a  e l emen t  and t h e  second r e c e i v e r  of  each  u n i t  w i l l  b e  
connec ted  t o  a second a n t e n n a  e l emen t .  The AM has two VHF/UHF 
a n t e n n a  s y s t e m s ,  a l aunch  a n t e n n a  sys t em and an  E a r t h  o r b i t  
a n t e n n a  sys tem.  The l aunch  an tenna  sys tem c o n s i s t s  o f  two whip  
a n t e n n a  e l e m e n t s  l o c a t e d  approx ima te ly  90 d e g r e e s  apar t  on t h e  
s t a t i o n a r y  p o r t i o n  o f  t h e  SLA. The E a r t h  o r b i t  a n t e n n a  sys tem 
c o n s i s t s  o f  two d i s c o n e  a n t e n n a s  mounted on d i f f e r e n t .  booms 
and s w i t c h a b l e  and one o f  t h e  whip  a n t e n n a  e l e m e n t s  used  i n  
t h e  l aunch  a n t e n n a  sys tem.  The r e c e i v e d  o u t p u t  o f  one o f  t h e  
whip a n t e n n a  e l emen t s  i s  connected permanent ly  to one of t h e  
r e c e i v e r s  o f  each  o f  t h e  redundant  command r e c e i v e r  u n i t s .  
The second r e c e i v e r  o f  t h e  redundant  command r e c e i v e r  u n i t s  
i s  s w i t c h e d  t o  t h e  o t h e r  whip an tenna  d u r i n g  t h e  p r e l a u n c h  and 
l aunch  phases o f  t h e  m i s s i o n  and between t h e  two d i s c o n e  a n t e n n a  
e l e m e n t s  d u r i n g  t h e  E a r t h  o r b i t a l  p h a s e s  of  t h e  m i s s i o n  a f t e r  
t h e  a n t e n n a  booms have been deployed.  

The comments c o n t a i n e d  i n  S e c t i o n  4 . 0  o f  t h i s  
memorandum on T a b l e  3 of  t h e  LM-A/ATM/MSFN P&I S p e c i f i c a t i o n  
a l s o  a p p l y  to T a b l e  2 o f  t h e  MDA/AM/OWS/MSFN P R I  S p e c i f i c a t i o n .  

It i s  recommended t h a t  S e c t i o n  6 . 0 ,  "C-Band T r a c k i n g , "  
of  t h e  MDA/AM/OWS/MSFN P&I S p e c i f i c a t i o n  b e  d e l e t e d  because  
t he  MDA/AM/OWS w i l l  b e  a p a s s i v e  t a r g e t  f o r  t h e  ground-based 
C-band radars and no q u e s t i o n  of c o m p a t i b i l i t y  between t h e  
i n s t r u m e n t a t i o n  of t h e  MSFN and t h e  MDA/AM/OWS e x i s t s .  If 
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t h i s  s e c t i o n  i s  t o  be r e t a i n e d ,  it i s  s u g g e s t e d  t h a t  c h a r a c t e r -  
i s t i c s  of ground-based C-band radars be added as w e l l  as t h e  
minimum radar c r o s s - s e c t i o n  a r e a  o f  t h e  MDA/AM/OWS for any 
a r b i t r a r y  a t t i t u d e  t o  p e r m i t  c a l c u l a t i o n  of  t h e  per formance  
of s k i n  t r a c k i n g  t h e  MDA/AM/OWS by t h e  v a r i o u s  t y p e s  o f  ground-  
based C-band radars. 

2 0 34-AGW-ew 

Attachments  
Tab le  1-3 



T a b l e  1 

MSFN S t a t i o n  t o  Lunar  Module S-Band Transmiss ion  Combinat ions 

:Combinat ion 

1. Carr ier  
PN Range Code 

Voice 
2 .  Carr ier  

3. Ca r r i e r  
Up-Data 

4 .  Car r ie r  

Modulat ion 

PM 

FM/PM 

FM/PM 

PM PN Range Code 
Voice FM/PM 

5 .  Carrier I I 

PM PN Range Code I: 

Up-Data FM/PM 

I 

6 .  Carrier 
Voice FM/PM 
Up-Data 

7 .  Carr ier  
PN Range Code 
Voice 
Up-Data 

FM/PM 

PM 
FM/PM 
FM/PM 

S u b c a r r i e r  
Frequency 

30 kHz 

70 kHz 

- 
30 kHz 

- 
70 kHz 

30 kHz 
70 kHz 

- 
30 kHz 
70 kHz 

. . . . . .. . . -  . 

Car r i e r  Peak Phase D e v i a t i o n  T 



Table 2 

MSFN Station to Lunar Module S-Band Communications Characteristics 

IFunctions and Parameters I LM ' . '  Receive Characteristics 
i t +-- 
i i Va 1, 

t 
Overall Receiving and ' 
Transmitting Charact- ! 
eristics 

i 
I! 

i 
a. Frequency i 

c 
b .  Second IF Predetec- 

tion Bandwidth 

c. Interference 
Rejection 

d. Power Output 

e. Receiver Noise 
Figure 

width 
f. Antenna Band- 

g. Antenna Gain 

h. Antenna Pointing 

i. Antenna Polari- 

Loss 

zation 

j. Beam Ellipticity 

k .  Circuit Loss 

1. Transmitted Inci- 
dental Phase 
Modulation 

m. Transmitted Inci- 
dental Amplitude 
Modulation 

~ 

Tolerance 

i 
1 

MSFN Station Transmit' 
Characteristics i 
Value 

-I*. ..e 

F Tolerance 

i 

t 
t 



Table  2 ( c o n t i n u e d )  

Value j T o l e r a n c e  1 Value 

I f 

MSFN S t a t i o n  to Lunar Module S-Band Communications C h a r a c t e r i s t i c s  

T o l e r a n c e  I 
! 

n .  R e c e i v e r  A G C  
Dynamic Range 

I 

2 .  Carrier Track ing  

a. 

b. 

C .  

d .  

e .  

f. 

g .  

T h r e s h o l d  Loop Noise 
Bandwidth ( 2 B L o )  

S t r o n g  S i g n a l  Loop 
Gain 
Dynamic Track ing  
Thre sho  I d  1 

Track ing  Rate 
Maximum Frequency 
Ex c u r s  i o n  
Maximum Phase Error i 
Minimum S/N (RMS/RMS) 1 
Requ i red  i n  2BL0 i 

3. Ranging Channel 
a. Type 
b .  Modula t ion  
c .  Bit Rate 
d.  Clock Frequency 
e .  Video Bandwidth 
f .  T i m e  Delay  V a r i a t i o n  
g .  Abso lu te  T ime  Delay  

as Measured a t  I n p u t /  
Output o f  LM Antenna 

4 .  Voice Channel  
i 
l a. S u b c a r r i e r  Frequency 
I b .  Modulat ion 
1 e .  Peak  Frequency 
I D e v i a t i o n  I 

I 

i 

f 
i 

! 

i 
1 

i 
1 



Tab le  2 ( c o n t i n u e d )  

MSFN S t a t i o n  t o  Lunar Module S-Band Communications C h a r a c t e r i s t i c s  

---_..-..--I- ....--_..-_ . -* --.-..--. ---<-. .-._l----__-_l__l---_I---- 
'LM Receive  C h a r a c t e r i s t i c s  1 NSFN 

I m i t  
., - -7 I 

F u n c t i o n s  and  Parameters - -  
Value i T o l e r a n c e  1 Value T o l e r a n c e  

I 
I 
I 
i 

I 

e .  
f .  

g *  

h.  

i. 

1 

Amplitude C o n t r o l  
P r e d e t e  c t  i o n  
Bandwidth 
Minimum Requi red  
P r e d e t e c t i o n  S/N 
(F,MS/RMS) f o r  P r o p e r  
D e t e c t o r  Opera t ion  
Post D e t e c t i o n  
Bandwidth 
R e q u i r e d  P o s t  
D e t e c t i o n  S/N 
(RMS/RMS) f o r  -% 
I n t e l l i g i b i l i t y  

:5.  Up-Data Channel 
a .  S u b c a r r i e r  

b .  Modula t ion  
c .  Peak Frequency 

D e v i a t i o n  
d .  Frequency Response 
e .  P r e d e t e c t i o n  Band- 

w i d t h  
f .  Minimum Requi red  

P r e d e t e c t i o n  S/N 

Frequency 

(RNS/RMS) f o r  PrGper I 
D e t e c t o r  O p e r a t i o n  ! 

i g.  P o s t  D e t e c t i o n  Band- 
I w i d t h  

h .  Requ i red  P o s t  D e t e c - ,  
t i o n  S/N (HMS/F.MS) 

I 
! 
1 

i 

1 

. . . . . .  . . .  . . . . . .  L __ I 

i 
i 1 

i ! 

i 1 

i 



Tab le  3 

I S u b c a r r i e r  

1 

:Combination I Modulat ion 1 Frequency 
j 
i 

Lunar Module t o  MSFN S t a t i o n  S-Band Transmiss ion  Combinat ions 

Carr ier  Peak 
Phase D e v i a t i o n  1 

i 

.1. 

2. 

3. 

4 .  

Carr ier  

PN Range Code 
Telemet ry  ( 5 1 . 2  kbps )  
Voice/Biomed 

Car r i e r  
Telemet ry  (51 .2  kbps )  
Voice/Biomed 

Car r i e r  
Telemet ry  (51 .2  kbps)  

Carr ier  
PN Range Code 
Te leme t ry  ( 5 1 . 2  kbps )  

! 

PM - 
FM/PM 1 . 0 2 4  MHz 
FM/PM 1 . 2 5  MHz 

FM/PM 
FM/PM 

1 . 0 2 4  MHz 
1 . 2 5  MHz 

FM/PM 

PM 

\ FM/PM 

i 

! 

i 

1 . 0 2 4  MHz 

- 
1 . 0 2 4  MHz 
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